Role of processing and intracellular transport for optimal toxicity of Shiga toxin and toxin mutants.
Cleavage of Shiga toxin A-fragment at a highly trypsin-sensitive site increases its enzymatic activity. To investigate the role of this cleavage site in intoxication of cells, we studied the routing, cleavage, and toxicity of mutant toxin where the trypsin-sensitive site had been eliminated. Ultrastructural analysis of toxin tagged with horseradish peroxidase demonstrated that wild-type and mutant toxins were transported from endosomes to the trans-Golgi network and further through the Golgi cisterns to the endoplasmic reticulum. Wild-type toxin was much more efficient than the mutants in provoking rapid intoxication, but after prolonged incubation time also mutants were highly toxic. The cells were able to cleave both wild-type Shiga toxin and the mutants, but the cellular location for cleavage appears to differ. Wild-type toxin was cleaved in the presence of brefeldin A, which disrupts the Golgi cisterns. This indicates that the cleavage occurs in the endosomes or in the trans-Golgi network. In contrast, the mutant Shiga-His (R248H/R251H) was not cleaved in the presence of brefeldin A, indicating that the cleavage can occur only after the toxin has left the trans-Golgi network. In vitro experiments showed that the cytosolic enzyme calpain is able to cleave Shiga-His, and results from in vivo experiments are consistent with the possibility that cleavage is carried out by calpain after the mutant A-fragment has reached the cytosol.